INTRODUCTION
Interest in the microbiological relationships of the aerobic pseudomonads during the 20th century has been driven by the recognition that several species of this group are associated with human infections. Relatively recently, however, it has been recognized that Psezjdo1;~1'0nas species are important in the biodegradation of natural and anthropogenic toxic chemicals (Golovleva e t nl., 1992). This, togerher with their demonstrated interactions with plants, beneficial and deleterious, has stimulated and broadened research into this group of organisms (Holloway, 1992) . The potential benefits and risks of the environmental use and release of Psezidomonas species have been evaluated (Lindow, 1992) .
Abbreviations: FAME, fatty acid methyl ester; LCDC, Laboratory Centre for Disease Control.
The difficulties of resolving the taxonomy of this genus have been reviewed (Palleroni, 1991 (Palleroni, , 1992 . The latter review, dealing with RNA homology and phenotypic characteristics, describes the properties of the principal species of Psetrdomonas sema stricto (i.e. RNA Group I), which has been placed in the y-branch of the Proteobacteria. Within Pswdomonas senszl sfricio, three clusters are recognized : one containing species which are fluorescent and oxidase-positive, including 1'. aerzlginom, P. putida and P. flrlclremns; a cluster of fluorescent phytopathogenic species including P. grkgae; and a non-fluorescent cluster including P. mendocina and P. st14t7y-i. The latter two species are common soil inhabitants isoiated under denitrification conditions and are rarely isolated from clinical sources. Some strains of P. mendocina, however, do produce alginate, a property associated with pseudomonads recovered from cystic fibrosis patients (Palleroni, 1991) . Other RNA homology groups have been assigned 1. M. F O G H ' l a n d O T H E R S to new genera: Group 11 ~ Bwkholderia; G r o u p TI1 -Hydrogenophagu, Cornurnonas and Acidovorax; Group IV ~ placed in the x-branch of the Proteobacteria ; and Group V -X U~~W R Z~~I~X (Pallerani, 1393) .
Our interest in the role of Pseudumoncts species in hydrocarbon degradation arose from studies investigating the effects of crude oil composition and incubation temperature on the susceptibility of different crude oils to biodegradation (Westlake et at,, 1974) , The inoculum used was derived from a soil sample which had been soaked over a period of years with diesel fuel. Pseudomanas species, identified on the basis of phenotypic characteristics and the production of fluorescent pigment, were almost always present in enrichments, with their incidence ranging from < 10 l4 to > 40 % of the bacterial popu- (Hook a t a/. , 1992) . Hydrocarbon-degrading abilities appeared predominantly in P. acragimsa strains pre-biorernediation, whereas hydrocarbon-degrading strains isolated during accive bioremediation were predominantly P. mendocina, with a smaller number of P. aergginasa isolates.
The presence of P. aerwgimm and P. menducina in bioremediation flora raises regulatory concerns because the former species is a frequent opportunistic pathogen in nosocomial and pulmonary infections in cystic fibrosis patients (Goldberg, 1992) , and the latter species recently has been associated with human disease (hragone e t a, ?., 1992) . In addition, Rahme et a!. (1395) have reported the pathogenic versatility of a P. aer,aginosa strain which demonstrated infectivity in both plant and animal models.
W'hile conventional taxonomy may produce ambiguous results, the additional data provided by molecular and chemotaxonomic tests can be used unequivocally to assign isolates to or exclude isolates as P. cterzlginosa. In this paper we report taxonomic data comparing P. aerugimsa obtained from clinical sources and a gasoline-contaminated aquifer (Ridgway e t al., 1930) which provide evidence that P. aartrginow strains isolated from these two sources are indistinguishable by current molecular biological techniques.
METHODS
Bacterial isolates and chemotaxonomic identification. The P. aertlginosa strains used in this study and their sources of isolation are shown in Table 1 aeragilaosa using analysis of cell-membrane lipids by standard fatty acid methyl ester (FAME) techniques (Rolla & Lehtonen, 1988 ). In the current study, environmental strains 28-37, inclusive, were subjected to FAME analysis by the same methods. Cells were cultured, saponified, methylated and analysed by GLC using the Microbial Identification System and Library Generation System software (Microbial ID, Inc.).
Results were compared to the reference P. aertlgknosa strains (ATCC 17933, 19660 and 27853) in the database.
Three environmental isolates (strains 38, 41 and 42) and three clinical isolates (strains 9,24 and 25) were tested in this study for the presence of pili using standard sensitivity tests with four pilispecific bacteriophage (Pfl, P04, B9 and F116 ; Farinha e t a/,, 1994), with P. aer,tiginosa strain PAK serving as a positive control,
Two commercially available hydrocarbon-degrading isolates, 1'. putidd NCIB 9816 (pWW60) and (pvIrW6l) (Yen & Serdar, 1988) and P . putidu ATCC 33015 [TOL(pWWO)], were used as sources of reference plasmids for hybridization and as molecular mass markers.
Cultural conditions. Clinical strains were revived from lyophilized stocks and grown at 37 *C in Tryptic Soy Broth (TSB; Difco) or on Plate Count Agar (Difco). The environmental strains were maintained on HCMM2 agar (Ridgway cf af., 1990), prepared with Noble Agar (Difco) and incubated at 22 "C in a sealed chamber containing gasoline vapour.
To test the ability of isolates to use gasoline vapours as sole carbon and energy source, duplicate HCMM2 agar plates were inoculated by streaking: one pIate was incubated in the chamber with gasoline vapours while the duplicate was incubated in a On: Mon, 31 Dec 2018 04:42:22
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OClWD sealed plastic bag in another laboratory, as a ' n o added carbon' control. Growth was assessed after 3 and 7 d incubation at 22 "C by observing colonial growth on the plates incubated with gasoline vapours. The corresponding control plates incubated without any added carbon showed no growth in any trials.
For temperature-range testing, selected isolates (strains 22-25, 28, 34, 37, 41 and 42) were inoculated into TSH and incubated at 4, 10,22,30,37 and 42 "C with aeration. Growth was assessed at intervals for a suitable incubation period (from 18 h to 14 d) by visually inspecting the rurbidity of the medium.
Nucleic acid isolation and PCR amplification. Total nucleic acids were isolated from strains 3-20 and strains 28 37, inclusive, using SDS lysis followed by phenol/chlorohrm extraction and ethanol precipitation (Sambrook e t d., 1989) .
Aliquots of 100 n g total nucleic acids from each strain were used as the template in 50 pl PCR mixtures containing 200 phi each dNTP, 1 pM for each of primer PA1 and P142 (Phl: 5'-TCC A A h CAA TCG TCG AAA CC-3', and PA2: 5'-CCG AAA ATT CGC GCT TGA AC-3'; Tyler e t al., 1995>, 2.5 U Tag polymerase and 1 x reaction buffer supplied by the manufacturer with 1 .S mM MgC1,. PCR was performed in a PE 9600 (Perkin Elmer Cetus) thermocycler using an initial denaturation o f 2 min at 94 "C followed by 30 cycles of 30 s at 94 O C , 30 s at 60 "C, and I min at 72 "C. Following amplification, samples were incubated at 72 "C: for 10 min and then cooled t o 4 O C .
PCR mixtures were analysed by electrophoresis in 2 (Yo (w/v> agarose and stained with ethidium bromide (Sambrook tt a!., 1989).
Sequence-based identification of environmental isolates 28-37 inclusive was performed by PCR amplification of a region of the 16s r R N A gene with the eubacterial broad-range 1 6 s rRNA primers designated p13B/p93E (Relman et al., 1990) . T h e 5' and 3' ends of these primers correspund to positions 1390 1371 and 930-950, respectively, o f t h e E~dwichi~i cob 16s rRNA sequence. Amplified DNA products (both strands) were subsequently sequenced directly using an automated Applied Hiosysterns 373A DNA sequencer and standard dye terminator chemistry.
Analysis of the sequences was carried out using PC/CENE release 6.6 (Intelligenetics). Alignment was performed using the CLUSTAL program and the P. aemglilaosu 165 i R N h GenBank sequence PARRSAAED (Toschka f t al., 1988) . Plasmid isolation. Clinical isolates were grown overnight at 37 "C in TSB, and 0.5-1 mI culture was used for plasmid isolation. Plasmids were isolated from aquifer-derived strains cithcr after growth in TSB o r after growth for 2 o r 3 d o n HCI'vfM2 agar with gasoline vapours. Colonies were washed from the agar surface with 1-2 ml 3 mM phosphate buffer (pH S}, and 0.5-1 ml suspension was used for plasmid isolation.
A modified procedure based on rhe method of liieser (1 984) was used to isolatc plasmids, by adding 500 p1S M potassium acetate solution immediately before the acid phenol/chloroform solution step. This method has been used successfully to isolate plasmids ranging from < 4 kb to > 11 5 k b from a variety of genera (Foght & Westlake, 1991). Plasmids were separated using horizontal gel electrophoresis in 0.7 % agarose (Ultrapure, Gibco BRL) in Tris/EDTAacetate buffer (Sambrook e t d., 1989) . Restriction endonuclcase digcstions were performed according to the manufacturers' instructions.
The archetypal toluene-degradari~re plasmid p%'WO (TOL ; Burlage et m'., 1989) was isolated from P. pirtida ATCC 3301 5 and labelled with non-radioactive digoxigenin-dUTP according to the manufacturer's instructions (Boehringer Mannheim). This plasmid was used to probe a Southern blot composed of the degradative reference plasmids plus cryptic plasmids from selected clinical and environmental strains, Overnight hybridization at 65 "C was followed by washes in 0.5 x SSC (1 x SSC is 0.15 M sodium chloride plus 0.015 M sodium citrate; Sambrook et a]., 1989) at 65 "C.
RESULTS
All clinical and environmental isolates used in this study were previously identified as 13. aerzigznosa using standard biochemical tests and traditional taxonomic identification procedures. In this study, the 20 isolates from the LCDC and 10 of the environmental isolates (strains 28-37) were confirmed as P. aertlginosa strains by molecular biological and chemotaxonomic techniques, namely : PCR amplification of P. aerzlgimm-specific regions of the 16s-23s rDNA internal transcribed spacer (Tyler e t al., 1995) ; sequence analysis of a region of the 16s rRNA gene amplified by PCR (Relman e t ak., 1990) ; and FAME analysis of cell membrane fatty acids. Additional conventional tests included growth on gasoline vapours as sole carbon source, the presence of plasmids (Table 2>, and growth temperature range.
Molecular taxonomy
PCR amplification of the 16s -23s rDNA internal transcribed spacer region with primers PA1 and PA2 generated a 181 bp DNA fragment from environmental isolates 28-37 inclusive, and from each of the 20 LCDC clinical strains. Primers PA1 and PA2 target a species-specific region of the 16s-23s internal transcribed spacer of the ribosomal genes in P. aerzlginosa ATCC 19660, as documented by Tyler e t a/. (1995) with 220 clinical isolates and 24 ATCC reference strains of Pseivdomonas. The P. aertlgimsa-specific 16s-23 S spacer region sequences have been assigned GenBank accession numbers L28148 (Paerl) and L28149 (Paer2) and are described in more detail by Tyler et ak, (1995) .
After PCR amplification using the eubacterial broadrange primers pf3B/p93E (Relman e t a/., 1990), partial 16s r R N h gene sequences of 402-410 bases in length were determined for the 20 LCDC strains, environmental strains 28-37 inclusive, and reference strain P . aar~@msa ATCC 17933. The sequences were aligned with the GenBank P. aer,uginosa sequence (PARRSAAED; Toschka ef ak., 1988) . The amplified sequences from the environmental isolates were identical to the reference P. derzgimsa sequences at all but 2 of > 400 nucleotides in the targeted region. Representative results shown in Fig. 1 are from environmental strain 29; the other nine environmental strains yielded sequences identical to strain 29.
Conventional-and chemotaxanomy
Because the molecular taxonomic results confirmed that all isolates were P . aertiginosu, we looked for other characteristics to discriminate between environmental and clinical groups of strains. FAME analysis of cell membranes was also consistent with identification of all 20 LCDC isolates and the 10 environmental isolates tested as P. rrerzkginosa. Similarity indexes ranged from 0.66 to 0.93 against a database containing 152 P . acrnginnosa isolates, including reference strains ATCC 17933,17660 and 27853.
A range of standard physiological tests also failed to discriminate between the two groups of P. aeruginosa strains under study. The temperature ranges for growth of the gasoline-utilizing and clinical groups were found to be broadly similar. The exceptions were that none o€ the clinical strains tested grew well at 4 O C , whereas two of the environmental isolates grew well a t 4 *C but less well at 42 OC. Some strains of both groups produced a green fluorescent pigment in TSB at 30 or 37 "C. In this study, none of the three representative environmental isolates (strains 38, 41 and 42) nor three clinical isolates (strains 9, 24 and 25) was sensitive to the four phage types tested (Pfl, P04, B9 and F116).
Phenotypic and genotypic differences between clinical and environmental isolates
The most obvious distinguishing feature between the gasoline-utilizing and clinical groups of P. rreruginosa strains was that only those recovered from the gasolinecontaminated aquifers were capable of growing with gasoline vapours as the sole carbon and energy source (Table 2) . Even with prolonged incubation, the clinical strains were incapable of utilizing gasoline.
Another difference between the two groups was the plasmid content of the strains. Fourteen ofthe 13 gasolineutilizing P. aerzlgimsd strains contained similar-sized cryptic plasmids (Fig. 2) with an estimated size of 80 kb, even when the strains were isolated from different sampling wells (e.g. isolates 38 and 34 in lanes 1 and 2, Fig. 2 ). The aquifer plasmids had identical BamHI restriction endonuclease digestion profiles, whereas the clinical strains' banding patterns were different ( Fig. 3 and unpublished observations).
We questioned whether the sole significant difference between the clinical and gasoline-utilizing isolates was the presence of the distinctivc plasmids described above. Degradation of toluene and p-xylene (present in gasoline) is encoded in several Psezdomunas species by an homologous family of plasmids typified by the archetypal T O L plasmid, pvCrvCrO (Burlage e t al., 1989) . Indeed, a gasoline-utilizing P. pzktida strain isolated from the same aquifer as the environmental strains described herein was found to harbour a TOL-like plasmid (Leddy e t al., 1995) , and almost 75 % of the original aquifer isolates utilized toluene as sole carbon and energy source (Ridgway e t a/., 1990). A Southern hybridization experiment with plasmids from environmental strains 32 -34 and clinical strains 1-10 showed that none had homology with the TOL plasmid pXW0 when used as a probe (results not shown). This result does not preclude the aquifer-derived plasmids from encoding aromatic hydrocarbon catabolism, but suggests that the environmental plasmids (and clinical plasmids) are distinct from the TOL plasmid pWW0.
Attempts to transfer the plasmids from environmental strains 38 and 42 to clinical strains 21 and 22 by et al., 1988) .
C C G T A A C G
Asterisks indicate identity. The other nine gasoline-utilizing isolates yielded sequences identical to that of isolate 29. 
DISCUSSION
Although the P. crerziginosa strains isolated from aquifers were shown to have certain properties distinct from the clinical isolates (for example, the ability to grow on hydrocarbons and the presence of a common plasmid), they were indistinguishable from clinically isolated, known opportunistic pathogens at thc level of molecular taxonomy.
It is likely that the taxonomic similarities to clinical 23. Environmental and clinical P. aerzlgznasa taxonomy animals and plants (Rahme e t a/., 1995) emphasizes the need for caution when dealing with environmental P. aa rzrgimsa i s ola te s .
The observation that the two sources of P . a e m g i~u~~ yielded a biochemically and genetically coherent group of isolates suggests the importance of further investigation of the pathogenic potential of P. aerzrginosu strains proposed for environmental release or in sit^ stimulation of hydrocarbon bioremediation (Jain e t a Van Dyke e t al., 1993) . Further studies are required to determine whether there are genetic or phenotypic markers useful for discriminating between strains for environmental monitoring of P. ueragznosd at bioremediation sites. Recent observations associating P. menducina with human disease (Aragone e t d , 1992 ) also raise the same questions about environmental and clinical strains of this species.
